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PRVW REYLRXV VROXWLRQ $OWKRXJK ODUJH GHVDOLQDWLRQ SODQWV ZLWKPXOWLVWDJH IODVK 06)PXOWL
HIIHFWGLVWLOODWLRQ0('DQGUHYHUVHRVPRVLV52KDVGHPRQVWUDWHGVXFFHVVERWKWHFKQLFDOO\
DQG HFRQRPLFDOO\ LQ GHYHORSHG SODFHV OLNH )ORULGD DQG 6DXGL $UDELD WKH GHYHORSPHQWV DQG
HVWDEOLVKPHQWVRI ORFDOLVHGVPDOOVFDOHGHVDOLQDWLRQV\VWHPVDUHDOVRYHU\ LPSRUWDQWDVPDQ\
SHRSOHOLYLQJLQOHVVGHYHORSHGUHPRWHDQGDULGSODFHVRIWHQVXIIHUIURPODFNRISRUWDEOHZDWHU
GXH WR LQDGHTXDWH UDLQ DQG SRRU ZDWHU GLVWULEXWLRQ V\VWHPV >@ :LWK LQWHUQDWLRQDO OHDGHUV
HQFRXUDJLQJ GHYHORSPHQWV DQG SROLFLHV IRU WKH GHYHORSPHQWV RI VXVWDLQDEOH VXSSO\ RI ERWK
HQHUJ\DQGZDWHUDGHVDOLQDWLRQV\VWHPXVLQJDUHQHZDEOHHQHUJ\VRXUFHGLUHFWO\EHVWILWVWKH
GHYHORSPHQW DJHQGD  0DWKLRXODNLV >@ *DUFLD5RGLJXH] >@ DQG RWKHU UHVHDUFKHUV KDYH
SUHYLRXVO\ ZULWWHQ UHYLHZ SDSHUV RQ H[LVWLQJ WHFKQRORJLFDO DQG SRWHQWLDO FRPELQDWLRQV RI WKH
PDLQ UHQHZDEOH VRXUFHV RI HQHUJ\ DQG GHVDOLQDWLRQ PHWKRGV  &RPSDUHG WR ZLQG DQG
JHRWKHUPDOHQHUJ\VRODUWKHUPDOHQHUJ\DQGSRZHUDUHPRUHDYDLODEOHLQPDQ\FRXQWULHVDQG
LQVWDOODWLRQ LV FKHDSHU DQG HDVLHU LQPDQ\ SODFHV&XUUHQW FRPPRQ WHFKQRORJLHV DYDLODEOH RU
EHLQJ GHYHORSHG IRU VPDOO VFDOH GHVDOLQDWLRQ LQFOXGH 06) 0(' KXPLGLILFDWLRQ DQG
GHKXPLGLILFDWLRQ +' VRODU VWLOO 66 DQG PHPEUDQH VHSDUDWLRQ SURFHVVHV QDPHO\ 52
PHPEUDQHGLVWLOODWLRQ0'DQGHOHFWURGLDO\VLVGHVDOLQDWLRQ(',QWKLVSRVWHUDGHFLVLRQIORZ
FKDUWLVGHVLJQHGWROD\RXWDQGFRPSDUHDOOWKHH[LVWLQJWHFKQRORJLHVIRUVPDOOVFDOHSURGXFWLRQ
UDWH 35   GD\ GHVDOLQDWLRQ V\VWHPV )ROORZLQJ WKH GHFLVLRQ IORZFKDUW WKH WZRPDLQ
RSWLRQVQDPHO\0'DQG+'ZLOOEHFRPSDUHG

)LJXUH  $ GHFLVLRQ IORZFKDUW WR OD\ RXW DQG FRPSDUH FXUUHQW WHFKQRORJLHV IRU VPDOO VFDOH
GHVDOLQDWLRQ
'LVFXVVLRQVSRLQWVUHODWHGWRWKHGHFLVLRQIORZFKDUWLQFOXGHWKHIROORZLQJ
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;ĂͿ )RUVPDOOVFDOH35 GD\GHVDOLQDWLRQDOWKRXJKYLDEOH06)DQG0('DUHQRW
HFRQRPLFDOO\ IDYRXUDEOH GXH WR WKH UHODWLYHO\ H[SHQVLYH VHWXS IRU WKH SODQW DQG WKH
FRPSOLFDWLRQ ZLWK RSHUDWLQJ DW GLIIHUHQW SUHVVXUHV EHORZ DPELHQW SUHVVXUH $OVR WKH
IHHG LQOHW WHPSHUDWXUHV RI VXFK V\VWHPV KDYH WR EH DERYH D FHUWDLQ WKUHVKROG WKXV
WKHUPDOVWRUDJHVXVXDOO\FRVWO\DUHRIWHQUHTXLUHG
;ďͿ $OWKRXJKWHFKQLFDOO\VRXQGSHUYDSRUDWLRQDQGYDSRXUSHUPHDWLRQDUHQRWDSSOLFDEOHIRU
GHVDOLQDWLRQ 7KH\ DUH IRU VHSDUDWLRQ RI YRODWLOH FRPSRQHQWV DQG LQ WKH FDVH RI
GHVDOLQDWLRQ SHUYDSRUDWLRQ PHPEUDQHV DUH SUREDEO\ WRR VHQVLWLYH WR IRXOLQJ ZKLOVW
YDSRXUSHUPHDWLRQWKURXJKDGHQVHPHPEUDQHLVXQQHFHVVDU\DQGLQHIIHFWLYH
;ĐͿ 52 LV VWLOO WKH PRVW HIIHFWLYH DQG HQHUJ\ HIILFLHQW GHVDOLQDWLRQ WHFKQLTXH DYDLODEOH
'HSHQGLQJ XSRQ IHHG VRXUFH SUHWUHDWPHQW PD\ EH FUXFLDO *HQHUDOO\ GXH WR WKH
VHQVLWLYLW\ RI WKHPHPEUDQH WKH OHYHO RI SUHWUHDWPHQW LV KLJK DQG LW UHTXLUHV UHJXODU
PDLQWHQDQFH7KXV52PLJKWQRWEHVXLWDEOHIRUUHPRWHDUHDVHVSHFLDOO\ZKHQWKHUHLV
QRVNLOOHGWHFKQLFLDQ
;ĚͿ (OHFWURGLDO\VLV LV D UHODWLYHO\ FRPSOLFDWHG SURFHVV DQG WKLV WRJHWKHUZLWK WKH SRWHQWLDO
SUREOHPRIVFDOHIRUPDWLRQPHDQWKDWLW LVXQOLNHO\WREHWKHEHVWGHVDOLQDWLRQRSWLRQLQ
UHPRWHDUHDV
;ĞͿ 8QOLNHRWKHUPHWKRGV LQFOXGLQJ LQ WKHFKDUW66 LVD GLUHFW FROOHFWLRQV\VWHP WKDWXVH
VRODU HQHUJ\ WR SURGXFH GLVWLOODWH GLUHFWO\ LQ WKH VRODU FROOHFWRU $OWKRXJK GHVLJQ DQG





$SDUW IURP WKH IORZ FKDUW WKLV SRVWHU SUHVHQWDWLRQ DLP WR SURYLGH D GLUHFW DQG GHWDLOHG
FRPSDULVRQ EHWZHHQ +' DQG VZHHSLQJ DLU 0' DV ERWK IROORZ WKH VDPH SULQFLSOH WKDW DLU LV
KXPLGLILHGDQGGHKXPLGLILHG IRUZDWHUSURGXFWLRQ 7ZR$VSHQPRGHOV D+'V\VWHPXVLQJD
SDFNHG FROXPQ DV KXPLGLILHU DQG D VZHHSLQJ DLU 0' V\VWHP KDYH EHHQ EXLOW 7R EXLOG WKH
VZHHSLQJ DLU0'V\VWHPXVLQJ$VSHQD FRXQWHU FXUUHQW IORZPHPEUDQHPRGXOH LVPRGHOOHG
DQG LQFRUSRUDWHG LQWR WKH IORZ VKHHW IRU V\VWHPVWLPXODWLRQ&RPSDULVRQV EHWZHHQ WKHVH WZR
V\VWHPV EDVHG XSRQ *25 DQG ZDWHU SURGXFWLRQ FRVW KDYH EHHQ PDGH  $Q XS WR GDWH









































>@ - $\RXE ³:DWHU UHTXLUHPHQWV DQG UHPRWH DULG DUHDV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GHVDOLQDWLRQ´'HVDOLQDWLRQ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IRU VPDOO VFDOH GHFHQWUDOL]HG ZDWHU SURGXFWLRQ´ 5HQHZDEOH DQG 6XVWDLQDEOH (QHUJ\
5HYLHZVSS
>@/DZVRQ³0HPEUDQHGLVWLOODWLRQ´-RXUQDORI0HPEUDQH6FLHQFHSS








>@ * =RX HW DO ³(QHUJ\ HIILFLHQF\ HYDOXDWLRQ DQG HFRQRPLF DQDO\VHV RI GLUHFW FRQWDFW
PHPEUDQHGLVWLOODWLRQV\VWHPXVLQJ$VSHQ3OXH´'HVDOLQDWLRQSS
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DQRYHODSSURDFKWR
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>@ (GZDUG . 6XPPHUV HW DO ³(QHUJ\ HIILFLHQF\ FRPSDULVRQ RI VLQJOHVWDJH PHPEUDQH
GLVWLOODWLRQ0'LQGLIIHUHQWF\FOHVLQGLIIHUHQWFRQILJXUDWLRQV´'HVDOLQDWLRQSS

.H\ZRUGV 0HPEUDQH GLVWLOODWLRQ 6RODU GHVDOLQDWLRQ VPDOO VFDOH KXPLGLILFDWLRQ
GHKXPLGLILFDWLRQ

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